ABSTR^CT.--Microbes have the potential to be important selective forces in many aspects of avian biology. Microbes can affect fitness as a result of either their pathogenic or beneficial effects on host health. Little is known about the chronology of microbial colonization of nestlings or the effects of microbes on fledgling condition. We set out to (1) characterize the time course of microbial colonization of the cloacae of nestling Tree Swallows (Tachycineta bicolor), (2) examine the relationship between cloacal microbes and fledgling condition, and (3) determine if nest mates had similar assemblages of cloacal microbes. We repeatedly measured nestlings and sampled their cloacal microbes on nestling days 2, 3, 5, 7, 12, 16, and 19. We detected cloacal microbes in nestlings as early as nestling day 2. Colonization of nestlings by microbes began soon after hatching. Nestlings were colonized by more types of microbes and carried heavier loads of most types of microbes as they got older Cloacal microbes did not affect fledging success. However, plate scores for gram-negative enteric lactose fermentors, which include E. coli, Salmonella spp., and Shigella spp., were positively correlated with a greater degree of wing asymmetry. This relationship suggests that microbes affect fledgling survival because wing asymmetry hinders flying ability, a critical survival skill for these aerial insectivores. Patterns in the assemblages of cloacal microbes within broods suggested host-genetic influences on the colonization of nestlings by microbes, but they also may have reflected the facts that nest mates were fed by the same adults and were raised in the same nests. Received 4 June 1998, accepted 29 January 1999. Our limited knowledge of the effects of microbes on avian biology is surprising for several reasons. First, numerous microbial species Because little is known about the development of the assemblages of microbes in wild birds, we set out to determine the chronology We used an electronic balance to weigh nestlings to the nearest 0.05 g on ND 2, 3, 5, and 7 and a spring scale to weigh nestlings to the nearest 0.2 g on ND12, 16, and 19. We examined nestlings for the presence of ectoparasites in eight topographic regions (head, back, rump, chin, breast, cloaca, wings, tail). The ectoparasite load on each region was scored as 0 when no parasites were detected, 1 when 1 to 10 parasites were detected, 2 when 11 to 100 parasites were de- We plated samples on a variety of differential and selective growth media on different nestling days (Table 1) . Three dilutions of each sample (0.1 mL of 10 ø, 10 •, and 10 -2 dilutions) of the thioglycollate resuspension were plated on single plates for AERO II (see Table 1 
Although the pathogenic effects of many microbes are well known, some microbes can be beneficial (Nurmi and Rantala 1973, Fuller 1989 We measured nestlings and sampled the cloacal microbes of 8 nestlings at 2 nests on ND2, 9 nestlings at 2 nests on ND3, 10 nestlings at 2 nests on ND5, 24 nestlings at 6 nests on ND7, 70 nestlings at 15 nests on ND12, 24 nestlings at 6 nests on ND16, and 22 nestlings at 6 nests on ND19. The same nestlings at six nests were sampled on ND7 (n = 24), 12 (n = 24), 16 (n = 24), and 19 (n = 22). Tree Swallows typically fledge at ND20 ( We used an electronic balance to weigh nestlings to the nearest 0.05 g on ND 2, 3, 5, and 7 and a spring scale to weigh nestlings to the nearest 0.2 g on ND12, 16, and 19. We examined nestlings for the presence of ectoparasites in eight topographic regions (head, back, rump, chin, breast, cloaca, wings, tail). The ectoparasite load on each region was scored as 0 when no parasites were detected, 1 when 1 to 10 parasites were detected, 2 when 11 to 100 parasites were de-tected, and 3 when 101 to 1,000 parasites were detected. Each nestling was then given an ectoparasite score that was the sum of the scores from each topographic region.
To obtain microbe samples, we inserted a sterile We plated samples on a variety of differential and selective growth media on different nestling days (Table 1) . Three dilutions of each sample (0.1 mL of 10 ø, 10 •, and 10 -2 dilutions) of the thioglycollate resuspension were plated on single plates for AERO II (see Table 1 
RESULTS
Cloacal microbes, nestling age, and growth.--We detected cloacal microbes shortly after nestlings hatched (Fig. 1) . As nestlings got older they were colonized by more types of microbes and harbored larger numbers of microbes because relative plate scores increased significantly with age (Fig. 2) .
The remainder of our analyses focuses on ND19 nestlings because nestlings typically fledge on or around ND20 (i.e. condition at ND19 is a good predictor of condition at fledging), and all of the nestlings we sampled fledged. Plate scores of a variety of different plating media were significantly correlated with some measure of nestling condition on ND19 (Table 2) . We calculated partial correlation coefficients for the statistically significant correlations in Table 2 to further investigate the relationship between microbes and nestling condition because plate scores for different plating media were also correlated with one another (Table 3) . In our context, partial correlation examines the relationship between specific measures of nestling condition and specific plate scores while controlling for other relationships by holding them constant (Zar 1994 ). Partial correlation analysis resulted in only one statistically significant relationship; high plate scores for gram-negative enteric lactose fermentors (e.g.E. coli and Salmonella and Shigella spp.) grown on EMB agar were positively correlated with a greater degree of wing asymmetry (partial r = 0.87, df = 4, P = 0.02).
Family patterns in assemblages of cloacal microbes.--We compared microbial composition of broods on each day they were sampled to determine if broods differed significantly throughout the nestling period. The two broods sampled for microbes on ND 2 differed Nestlings were colonized by microbes soon after hatching. The number of nestlings with microbes inhabiting the cloaca increased significantly with nestling age (Fig. 1) Populations of microbes that we sampled for repeatedly increased significantly with nestling age (Fig. 2) . The increase in diversity of microbial composition and the growth of microbial populations with nestling age can probably best be attributed to the exposure of nestlings to a variety of food items brought by adults. However, it is important to note that the microbes of the gastrointestinal tract are part of a dynamic system (Savage 1977 
